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SPECIFICATION 

1. TITLE OF INVENTION 
Semiconductor Device 



2. CLAIMS 

(1) A semiconductor device that mounts a semiconductor element with a wire 
bonding pad formed on its front on a flexible substrate and wire-connects a wire bonding 
pad formed on one face of the flexible substrate and said semiconductor element's wire 
bonding pad, wherein an aperture is provided in the flexible substrate penetrating from 
one face to the other face and facing said semiconductor element's wire bonding pad, 
said semiconductor element is mounted on said substrate's other face with said 
semiconductor element's wire bonding pad facing this aperture, and said wire passes 
through said aperture and connects both wire bonding pads. 

(2) A semiconductor device according to claim 1 , wherein said mounted 
semiconductor element on said flexible substrate is surrounded by a coating material and 
mold sealed. 
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3. DETAILED DESCRIPTION OF THE INVENTION 

Technical Field of the Invention 

The present invention pertains to a semiconductor device that mounts a 
semiconductor element on a substrate, and pertains to improvements in its mounting 
structure. 

Technical Background of the Invention 

Recently the smaller sizes and lighter weights of electronic devices has led to the 
frequent use of mixed integrated circuits (hybrid ICs). These mixed integrated circuits 
usually have a constitution wherein conductors or resistors or the l|ke are formed on an 
insulated substrate, and semiconductor elements such as chip-type passive elements and 
active elements and the like that do not have lead wires are soldered to a conductor land 
on this substrate. 

So-called flexible substrates that use a film such as a polyimide resin or the like as 
the aforesaid insulated substrate have a high degree of freedom in attachment to a device, 
so they are often used for small-sized electronic devices. 

In the trend toward high-density mounting, using the semiconductor element as an 
example, packaging has changed from the dual inline type to the flat type, which is 
smaller and flatter, and in place of this there have been experiments with mounting a pair 
chip by direct wire bonding, which has contributed greatly to higher densities. 

FIG. 4 and FIG. 5 show prior-art structures in which a pair chip is mounted on a 
flexible substrate and wire bonded. Item 40 is a flexible substrate consisting of 
polyimide resin, etc.; a conductor pattern 41 and a pad 42 for die bonding a 
semiconductor element (for example, IC pair chip 50) and a pad 43.,. for wire bonding 
are constituted on one of its faces in advance. A passivation film 52 is formed on the 
front of the aforesaid IC pair chip 50. 

The IC pair chip 50 is glued (die bonded) to the aforesaid flexible substrate 40's 
pad 42 for die bonding, and a wire 53... is connected (bonded) between this IC pair chip 
50's pad 51... for wire bonding and the aforesaid flexible substrate 40's pad 43... for wire 



2 



JP 61-137335 

bonding. Subsequently the IC pair chip 50 and wire 53... are mold sealed by a coating 
material 54 such as an epoxy resin, etc. 

Furthemiore, FIG. 5 is a plan view showing the state before mold sealing, with 
the wire 53... omitted. 

PmMftms of Prior Art 

The aforesaid sort of mounting structure mounts the IC pair chip 50 on one face 
of the flexible substrate 40, and has wire bonding on this one face, so it is known as a so- 
called face-up mounting structure. 

Nevertheless, in this sort of mounting structure the IC pair chip 50 is mounted on 
one face of the flexible substrate 40 and it has wire bonding on this one face, so the 
height of the mold due to the epoxy resin 54 must be high, and it becomes large. 
Therefore flexibility of the substrate is likely to be impaired by the mold resin 54, and the 
advantage of the flexible substrate cannot be sufficiently realized. 

In order to prevent this, the mold height h should be reduced, but the shape of the 
wire 53... must be a loop so there are limits to reducing mold height h. 

Furthemiore, as can be seen in ¥1G. 5's plan view, the pad 42 for die bonding is 
disposed in the center and the pad 43... for wire bonding is disposed at the periphery, so 
the degree of freedom in leading out wire 53... is minimal. Moreover, if ultrasonic 
bonding is used for wire bonding, it has the property that bonding strength is reduced 
according to the direction of bonding, and because of this directionality there are 
restrictions on the disposition of pad 43... for wire bonding. With a rigid substrate this 
decrease in strength can be ignored, but in the case of a flexible substrate the current 
situation is a tendency to minimize the aforesaid mold resin part, so high wire bonding 
strength is prefeired. That is, a pad disposition that affects bonding strength is not 
desired. Therefore a degree of freedom in pad disposition is preferred. 



Ob ject of the Invention 

The present invention takes note of the aforesaid matters, so its object is to 
provide a semiconductor device that has a high degree of freedom in the disposition of 
the pads for wire bonding, and reduces the height of mold resin and increases flexibility. 
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Summary of the Invention 

In order to achieve the aforesaid object, the present invention provides an aperture 
in the flexible substrate penetrating from one face to the other face and facing the 
semiconductor element's wire bonding pad, the aforesaid semiconductor element is 
mounted on the substrate's other face in a face-down state v/ith the aforesaid 
semiconductor element's wire bonding pad facing this aperture, and the aforesaid wire 
passes through the aforesaid aperture and connects both wire bonding pads. 

Fmhodiments of the Invention 

Below, the present invention shall be explained based on the embodiment shown 

in FIG. 1 and FIG. 2. j 

In the drawings, 1 is a fihn-like flexible substrate of polyiniide resin, etc. A 
conductor pattern 2 and a wire bonding pad 3 are formed on the surface of the flexible 
substrate 1 by a method such as etching a copper film. Item 4 is an IG pair chip 4. A 
passivation film 5 is formed on the front of the IC pair chip 4. 

A plurality of apertures 7, penetrating from front to back in the aforesaid flexible 
substrate 1 , is formed to face the aforesaid IC pair chip 4's wire bonding pad 6.... 

The IC pair chip 4 is attached to the flexible substrate 1 with the fipnt of the 
aforesaid IC pair chip 4 facing the back of the flexible substrate 1 and the IC pair chip 4's 
. wire bonding pad 6... facing the aperture 7 and. Furthermore, attachment may be 
performed using a suitable adhesive. In this manner the IC pair chip 4 is die bonded to 
the back of the flexible substrate 1 in a face-down posture. 

The aforesaid flexible substrate 1 's wire bonding pad 3... and the IC pair chip 4's 
wire bonding pad 6... are connected by a wire 8.... The wire 8... penetrates the aforesaid 
aperture 7...; one end is wire bonded to the substrate-side wire bonding pad 3.:. located at 
the front of the flexible substrate 1, and the other end is wire bonded to the wire bonding 
pad 6... of the IC pair chip 4 facing the aforesaid aperture 8... [sic]. 

Then the front side of the flexible substrate 1 and the back side of the IC pair chip 
4 are respectively sealed by coating materials 9 and 10, which are epoxy resin, etc. 
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The embodiinent semiconductor element thus constituted positions the flexible 
substrate I's wire bonding pad 3... and the IC pair chip 4's wire bonding pad 6... near one 
another, and the wire 8... can have a length that is the depth of the aperture 7..., so the 
wire length can be shortened. Also, the IC pair chip 4's wire bonding pad 6 is 
surrounded by the aperture 7..., so when resin is molded or when the flexible substrate 1 
is bent and deformed, the wire 8... does not experience excessive stress, and wire breaks 
and separation of the wire bonding area are unlikely to occur. 

Also, as shown in FIG. 2, the flexible substrate 1 's conductor pattern 2 is disposed 
on the face that is at the opposite side from the face where the IC pair chip 4 is attached. 
That is, in prior art the face where the IC pair chip 4 is attached and the conductor pattem 
2 are on the same side, so the conductor pattem 2 must be positioned to avoid the IC pair 
chip 4 attachment face, and there are restrictions on the disposition of the conductor 
pattem 2. On the other hand, in the aforesaid embodiment the conductor pattem 2 can be 
provided on the face opposite where the IC pair chip 4 is mounted, so the degree of 
freedom in disposing the conductor pattem 2 increases. If the degree of freedom in 
leading out the conductor pattem 2 increases in this manner, it becomes possible to 
design the pattem at a location that avoids the effect of bonding strength direction 
dependency that accompanies wire bonding when thermosonic or ultrasonic bonding is 
used, and bonding strength increases, so defects such as separation, etc. can be prevented. 

Furthermore, most of the wire 8... is positioned inside the aperture 7..., so little of 
it projects from the front of the substrate 1, and the height of the loop projecting from the 
front of the substrate 1 is also reduced. Therefore the height h of the resin mold 9 coating 
the front side of the substrate 1 can be reduced, and the resin mold 9 becomes thin, so 
there is less impairment of the flexibility of the substrate 1 . 

FIG. 3 shows another embodiment of the present invention, applied to a multi- 
laya- film-like substrate. This case additionally increases the degree of freedom in 
leading out the conductor pattem 2 formed in each fihn-like substrate 20.... 

Also, the aforesaid embodiments showed examples in which IC pair chips, etc. 
were mold sealed using a coating material, but mold sealing does not always have to be 
done using this coating material. 
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F.ffect of the Tnvention 

The present invention, as described above, mounts a semiconductor element in a 
face-down state on the other face of a substrate with the semiconductor element's wire 
bonding pads facing apertures formed in the aforesaid flexible substrate, and passes wires 
through the aforesaid apertures to connect wire bonding pads on the flexible substrate 
side and the semiconductor element's wire bonding pads, so the wire length can be 
shortened and it can be disposed inside the aforesaid apertures, which reduces stress on 
the wire and prevents wire breaks. In addition, the wire bonding pads provided oh one 
face of the flexible substrate can be disposed on the face opposite where the 
semiconductor element is mounted, and the degree of freedom in disposition becomes 
great. Moreover, the wire does not project much from one face of the flexible substrate, 
and the height of the mold resin can be reduced, which improves fjexibiUty of the flexible 
substrate and confers other advantages as well. 

« 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 and FIG. 2 show one embodiment of the present invention. FIG. 1 is a 
sectional view and FIG. 2 is a plan view showing the front side. FIG. 3 is a sectional 
view showing another embodiment of the present invention. FIG. 4 and FIG. 5 show 
prior-art structures. FIG. 4 is a sectional view and FIG. 5 is a plan view showing the 

front side. 

1 Substrate 

2 Conductor pattern 

3 Wire bonding pad 

4 IC pair chip (semiconductor element) 

6 Wire bonding pad 

7 Aperture 

8 Aperture [sic] 

9,10 Coating material (resin mold) 

Representative: Takehiko Suzue, Patent Agent 



6 



JP 61-137335 



RG.1 




7 



®^l§i|#^^^(A) PS61- 137335 

©Int.CI.* m^S&^ /fl^«S## B^6i¥(1986) 6^258 

H 01 L 21/60 6732-5F 

g;fe|g^ jtcSiWg IfeiaoR 1 (±5g) 

©4$ SI flSS9-260141 

@m n (Q5g(i984)i2^ioB 







*. 








n 


A 


« 1ft ^ ^ 






m 


A 







1 . » « © « » 

2 . 

( 1 ) a B C 9 •< 1* - « > 1^ > « " * 
* V f •< V if r Kte9-<''*'-K*0»«r 

a«ic-ii!i*6*««ciia*»«a»«»». 

-< r -«>f' -f y^^f^f^^ K O ■ «= 

(2) tE 7 f * 5*7 A^a « C , ±EB ■ S n 



3. 

(fin«>iE«»«) 

■ic«o, t ©jiiiaaoaacB* ft. 
(a««>s«n«ia) 

SR, a? a BO /MB. aafcCff*'', a«» 
« a a < A •< 7 y 9 K I c ) tf » < « « « * * 
5 (c "» 9 T s te . c © a «a«H»Bv - a c , 

««««•= ainsBH***/*^. ■ « « 
B » » 9 > K c . y - K a o « r > T"© 

Ta««nT»^». 

±.EIfi«»«tUT«y-<5K«aftii©7-f 
A/A^fflk-'te, VAt)B>»7U*f7A/»Stt, a 

BcayftOftwoa*****^*^*^ *»©a 
?«B(c^«snTv^ft. 

)»677yl'*-<7'St'h», B»C<t«J9Te 



—145— 



^ ^ - tr^y f ^ > cry: ^ o xnmt ^ c tif 
« * 6 n . « « K fc c * e < » 4 u T ft . 

y 7 50(0 ^TY^^Vr-rV^^ffi/^y K *2« J: Cf 9 
^ ^ . 4; > ^ Y V ^ « y K 43- € 11 « U T « « . 

5^ 9 >M52«)& AUX«ft . 

M y K 421C I C 7 f- y 7 50* » « ( 5^ -< « > r 
^ y ^ ) 0, c©ic^7f'y75 0(0 9-r'i'-^ 
VT-fV^«/<y K51-i:±C7U=^5^7A/«fi 
40O 9 -< 1* - >T -< > y K ^3-" © ■ 

10^7^-7 750U J:CF9'< - 53- € X * 
««ft^©3-T-f>5ftt54ICJ:0«-A/K«± 



4r -< V T •< V ffl /V'^ K 42i^ E ■ « n * 1 1 1> 
jc. «iiK:c;-ri'-«>^< >^«'^^ K43-# 

Rl«nftte<ft\ 9-<f-53-0 5l«BUOa6 
BE3B('>ft>^, UJtn6, 9 - « >r > , 

1r-in>T'< >^SAyK 43- (OEltf««*« 
ft • y J? y K a « T U: C 0) a « tt T « H « T t 
ft/a?, 7U4^5^7A/»«<0««, lE^-^A'KB 
B»*4\«<0fcV^)yrtlC«ftB«TTtt, 9-< 

tftbft, mvr-Oi^BKcBBtiRefr*^ 

si/^yK©E«tt»*l^<^V^. UfcJt^oTAy 
KOEBCg^lXtfflltnft. 



?$6nBa 61-137335 (2) 

t ft . 

BBTAD« 7'<;t'-.53-€ « U T » ft • 
(ff ll8BOnBjfl[ ) 

O - B ffi C I C 7 y 7" 50i^ T h 5 n , 

oco-BaiBT9-ri'-^H>T-f>i^«nTv> 

^fl!)T> v^t>tt>ft7x-f:;i7y7lta«ai:»2F 

nxv^ft. 

ui>Ui>jys\ co^^'^wacjiftt, 7u 

*i^7iUB«40«!)-«BC I C^7f"y7 50tfT 
9Vhen, 3&^OCO-«liBT9-f1'-«VT 

> « n X ft 4!) r . x # * v « B 54c * ft ^ 
- A/ K h j»f <S> » « c » < 4 t) . «^ o :^ » ^ 
ft. c:<Ofc«>B«<O^MItttf^-A'K«B54C<k 

•5Xia»«nB<'ko. 7u*v7;i/»fio«« 

c n € w ± r ft fc ^ k: tt * ^ - k B e h « * 
e<rntfj:v^tf, 9 i» -53-©»<^eiu-7 

» C r ft H 0 C « fcvx ttt-A/ Kll«»*«^*< 
yKfl!)RB<oa*lt)*«<*fttt^K:, ^-A/ 

KBB©Be«dNe<x«xia»tt*(«8±««« 

C4:J{<JTtft¥»»«B«B«UJ:^fe^-ft6© 

T« ft . 
(||«4[)BB) 

*BWtt±Eew*a«^ftfc4a* ¥tn»B? 

+ i'7>»«<C-BB*^6<aBiBCII3i^ftWa 
»*a^:f, C0!)BQ»C±B4^B(*B?O7-ri' 
-i|?>^-ry^fffl/WK«B«ttX 
€±eSBOBBBIC7x^;(5r'>>4Dt^BXII 
±e9^1'-e±eBdB«BiiUTB9 
-<1>-«>5''f>5^ffl/t^ K4!)BICB«l1"fti:^ 
k: U t C ^ « B B t ^ ft . 
( BBa)IIBR ) . 

aT*R««* liiH««kv» 2H«:fl^r-« 
B0|Ct>^':7&Rt»rft. 
Hc^v^xi K«B*^; 07-fA^^ 

«7U*V7/I/B«"P45*5, C©7U*5'7A/B 
B1 OBBilCtt. Bi>/t^->2 •••aJ:tf9-fr 



—146— 



I C ^ 7 f- :^ 74 0«IB t « ft $ tt . I C ^ 7 
y74 <l!)9-<'1^-#>7'-r>^^ffiA>K8 € n 
□ »7 (CB*ttT I C'^7^y74 *7U*}/r 

if«/<y»K3 "t. I 0^7^-774 



15138861-137335 (3) 

icj;o»«*nTv^*, y-fi'-a -tt ± E n □ 
07 -*»a«n. *o)-«tt7U4i5^rjuMfi 

« y K 3 - C 7 I' - V r ^ > 5^ ^ ^V* 

I C^7f-y74 07-<1'-1?>7'-(r>^^ffl/t7 
K 6 IC 7 I' - > T -( > ^ X ^ . 

lC'^7f-y7 4(0«iBlltt*n^nxii?*i/« 

c <o J: ^ c L X « la « n fc ji « « <o w « ■ 

tt , 7U4^i'7A/a«i o 7 -r r - ^ > T ^ > 

ffl A y K 3 - t , I C ^ 7 f- y 7 4 <0 7 V 1* - 
V f •< > ffl y K 6 O ffi « € itt » S -tt * C t 

tf-ce, /^o7-<i'r8 - ttpiopy - ©as® 

T*«.*tT, ICN7f'y74 07-rV-in 



- ^It > T r > ^ * * ® * • ^ ^' ■ ''^ • 

1 0»tt/t5»->2 •-ttfC'^7f^y74 OBft 

tt. IC^7^y74<0WM*^Wt,5H»/t^- 
tt l C'<7f'774 CDttf^t^ffltll^fcttBCtt 

i^ftt^ntfj^er* lO/t^-va oebk:«» 

/(K o fc. C newt > ±EII»«T ^ 

- V 2 - * I 0^7^774 31 ft » O R » B IC t> 

;jrtiffi»iaoK»*ei^-*ffiBc/'«>->aif 



$6C, 7-f1'-8 •••(D:fc»^^3!^BD»7 -<0 

«6<he<'^^. COfcA. BB1 OS Silica 
-^-f>5r«n««B^-A^K9 ©Bah6«< 
Tff». «B«*A^K9 £|SB]&£:^«i^e B « 1 

fl!)7u + 5/cryt'<*Bai:t«^ii«sni. 

91 3 a l< 4: » n 0!) flft O X B fH ^ U . ^B7< 

^z»«B(620-K:B«en*n*/<^ ->2 

9ltBU0!>BdBtf$6ICii7. 

ttz. ±E«IIB BC 4J V t tt , □ - ^ -r > 
ttICJ:0 I C^7fy7'>ift*-il/K«±Ufc 

Ktt±tteri/^ e s t u ^ v> • 

7/l/B«t:»«UteBa»K:. ¥» B?©9'< 

i^-^tvf-fV^flAyKeBittraiiiBOB 

?€±EBfi<0ttBBC7x-r-75rO>O««K: 



—147— 



If GaBa 61-137335 (4) 



^ 8 < « a 0 0 , t - A* K « B O « « « 

»lB«J:tfJi»2B«*««©-«««**l' 
KiBttKBB. M2B««B«t*'«"VBB, 

JB3 Btt3*:»«©«®«««'****"'J' * ^ 

Bfi*i?*5BBa«®«a«*'- . IB V a « R 



, 1 - a fi , 2 3 9 -r t - « 

> <V « /< y K , « ... I C 7 f- y 7 < * » 

tk » ? ) , « - 7 f - « > ^ v 

7 ... noS. 8 - BOB, 9 . 10.~ ^ - ^ -( > 9 

«(«B«-^K). 



mBAftaA #at wttaB 



,mi B 



9$6aia 61-137335 ( 6) 




—149— 



